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INTRODUCTION MATRE

Chler, Toop
Toonuy gl I:).foruat i ey 91 .
The 1985 Gordon Research Conference on Physical Metaliur£9ﬁ5§§°ﬂeld

5-9 August 1985 at Holderness School in Plymouth, New Hampshire. The
conference topic was "Role of Interfaces in Deformation and Strengthening".
An AFOSR grant was made to the Gordon Research Conference to partially
cover the travel and registration costs of some of the speakers and chair-
men. A grant of $15,000 was made for this purpose. Of this total,

$5,000 each was provided by AFOSR, ARO (150-85) and ONR (NOOO1485 RCM 2409).
In this report we give a brief description of the conference and describe

some of the highlights of the meeting.

CONFERENCE DESCRIPTION

The primary purpose of the conference was to bring together scientists
and engineers concerned with the mechanical properties of finely structured
materials with scientists interested in the structure and properties of
interfaces. The joining of these two groups was expected to lead to the
development of new ideas and to the cross-fertilization of these ideas.
Following the tradition of previous Gordon Conferences, a relatively small
number of speakers were invited to make presentations to the conference.
The primary purpose of these talks was to stimulate discussion and thought
on the topic of interfaces in deformation and strengthening. A copy of the

program of speakers and chairmen is appended to this report.

A poster session was also held during the conference so that some of the
participants could present their research results. A list of the poster

presentations is also appended to this report.

The conference attracted participants from a wide variety of institutions
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and countries. The list of participants appended to this report shows

that a total of 96 scientists and engineers were a part of the

conference. Of these, 75 were from the United States and 21 were from
foreign countries. In terms of institutional affiliation, 60 were from
universities, 23 from government laboratories or offices and 13 from industry.
These figures are typical of most previous Gordon Conferences on Physical

Metallurgy

PROGRAM HIGHLIGHTS

The highlights of any Gordon Conference are the stimulating environment
and the informal scientific discussions which lead to new ideas. Many of
the participants indicated that they had developed new ideas which they
intended to pursue in the coming months. This is regarded by most as the

primary benefit of the Gordon Conference.

The lecture by Vitek set the tone for the first few days of the
conference. He discussed the nature of grain boundary structure in terms
of grain boundary dislocations. Through subsequent discussions, this
served as an introduction to the concept that crystal dislocations can
react with grain boundaries to form grain boundary dislocations. Thus the
link between crystal plasticity and the structure of grain boundaries was
established. This idea took explicit form in Grabski's lecture. He showed
that when crystal dislocations run into grain boundaries they gradually
"dissolve" and become part of the boundary structure. In this way one can
think of crystal dislocations transforming to become grain boundary dis-
locations. When the dislocations have only recently entered the boundary

they are called extrinsic dislocations but when they have completely

"dissolved", new dislocations formed are called intrinsic dislocations

v
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because they are part of the structure of the boundary.

Arzt showed that the grain boundary dislocation structure can be
extremely important in connection with high temperature creep of

particle strengthened alloys. In particular, emission or absorption of

vacancies at climbing grain boundary dislocations can be inhibited by
the presence of grain boundary particles and this can lead to threshold

stresses for diffusional creep.

One of the more exciting developments at the conference was presented

by Briant who showed that first principle calculations of atomic con-
figurations which resemble grain boundaries could be used to understand
certain aspects of grain boundary cohesion . 1In particular, he showed
that the presence of B tends to "increase cohesion" in Ni based materials
while the presence of S tends to have the opposite effect. A limitation
of the present technique is that the energy cannot be calculated reliably

and that the cohesive strength cannot be determined directly.

Remarkable mechanical properties of multilayered crystals was reported
. by Tsakalakas. He described composite crystals consisting of alternating

[ layers of Cu and Ni, each about 20-30 R in thickness. In this dimensional
!; regime the layers are fully coherent and the elastic stiffness of the

composite i1s extremely large. Under some conditions the elastic modulus

-y

. parallel to the layers is 5~10 times the expected modulus of the two

v
»

materials. These unusual effects appear to be a consequence of the

residual strain states found in these materials.

A
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The classical subject of polycrystal hardening was reviewed at the
conference. One new idea that emerged is that the ordinary Hall-Petch

< plot may indicate not only the effect of grain size on flow strength but
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also the effect of grain boundary character. Annealing to produce a
given grain size may also determine the character of the grain
boundaries involved. This observation indicates the need for careful
studies of grain boundary hardening in which the nature and density of

grain boundaries are controlled separately.

Another exciting talk was given by Gleiter, who discussed an
entirely new class of materials called Nanocrystalline Solids. These
materials are made by forming and consolidating extremely fine powders
of ordinary metals. Grain sizes are typically a few nanometers
(20-30 Z) in diameter. Under these conditions about half of the atoms
in the solid reside in the regions between the crystals. These materials

are surprisingly stable and have extraordinary strength properties.

Interfaces play a key role in determining the mechanical properties
of microelectronic thin film materials. Some of the most recent research
in this area was discussed by Murakami of IBM and Flinn of Intel. These
reports represent the first efforts in this area, although this is a
rapidly growing area c¢f research for the mechanical behavior community.
For many this was the first exposure to the importance of mechanical

properties in integrated circuit structures.

Although most of the program focused on grain boundaries, one very
exciting talk was given by Nutt on the structure of interfaces in metal
matrix composites. It is well known that the mechanical properties of
metal matrix composites are determined almost completely by the interfaces

between the fiber and matrix phases.
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1985 GORDON CONFERENCE ON PHYSICAL METALLURGY

August 5-9, 1985, Holderness School, Plymouth NH

TOPIC: ROLE _OF INTERFACES " DEFORMATION AND STRENGTHENING

Xk kXX

Monday, August 5, 1985
SESSION I

GRAIN BOUNDARY STRUCTURE

Session Chairman:

Prof. T. Watanabe
Tohoku University
Sendai, Japan

8:30-9:10 AM GRAIN BOUNDARY DISLOCATIONS AND ATOMIC STRUCTURE
OF GRAIN BOUNDARIES

Prof. V. Vitek
University of Pennsylvania
Philadelphia, Pennsylvania

9:10-9:25 AM DISCUSSION
9:25-10:00 AM ATOMISTIC CALCULATIONS AND GRAIN BOUNDARY STRUCTURE
Dr. P. Bristowe

Massachusetts Institute of Technology
Cambridge, Massachusetts

10:00-10:15 AM DISCUSSION
10:15-10:40 AN BREAK
10:40-11:00 AM ATOMIC LEVEL RESOLUTION OF GRAIN BOUNDARIES

Dr. W. Krakow
IBM Thomas J. Watson Reseacrch Center
Yorktown Heights, New York

11:00-11:15 AM DISCUSSION
11:15-11:50 AM SPREADING OF EXTRINSIC GRAIN BOUNDARY DISLOCATIONS
Prof. W.M Grabski

Warsaw Technical University
Warsaw, Poland

11:50-12:00 noon DISCUSSION

............................................
L T P T O
.........................




Monday, August 5, 1985

SESSION II

GRAIN BOUNDARY RELAXATION PROCESSES

Session Chairman:

Prof. A.K. Mukherjee
University of California, Davis
Davis, California

8:00-8:40 PM EXTRINSIC GRAIN BOUNDARY DISLOCATIONS AND
DEFORMATION OF POLYCRYSTALS

Prof. K. Tangri
University of Manitoba
Winnepeg,Manitoba, Canada

Dr. R.A. Varin
University of Waterloo
Waterloo, Ontario, Canada

b 8:40-9:00 PM DISCUSSION

3 9:00-9:40 PM SLIP INTERFACE INTERACTIONS AT ELEVATED TEMPERATURES
Dr. M.H. Yoo

Oak Ridge National Laboratory

Oak Ridge, Tennessee

9:40-10:00 PM DISCUSSION
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Tuesday, August 6, 1985

. SESSION III
INTERFACE CONTROLLED PROCESSES

Session Chairman:

Prof. R. Gibala
University of Michigan
Ann Arbor, Michigan

8:30-9:10 AM INTERACTIONS BETWEEN CRYSTAL SLIP AND GRAIN
BOUNDARIES IN NICKEL

Prof. R. Raj
Cornell University
Ithaca, New York

9:10~9:30 AM DISCUSSION
9:30~10:10 AM INTERFACE CONTROLLED DIFFUSIONAL CREEP
Dr. E. Arzt

Max Planck Institute
Stuttgart, West Germany

10:10-10:30 AM DISCUSSION
10:30-11:00 AM BREAK
11:00-11:40 AM GRAIN BOUNDARY MIGRATION
Prof. A.S. Argon
Massachusetts Institute of Technology
Cambridge, Massachusetts
- 11:40-12:00 noon  DISCUSSION
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Tuesday, August 6, 1985
SESSION IV

INTERFACIAL BONDING

Session Chairman:

Dc. B. Kear
Exxon Research and Engineering
Annandale, New Jersey

8:00-8:40 PM COHESIVE STRENGTH OF GRAIN BOUNDARIES
Dr. C.L. Briant
General Electric Company
Schnectady, New York
8:40-9:00 PN DISCUSSION
8:00-9:40 PM MECHANICAL PROPERTIES OF MODULATED STRUCTURES
Prof. T. Tsakalakos
Rutgers University

Piscataway, New Jeorsey

9:40-10:00 PM DISCUSSION

"""""""""""""""
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Wednesday, August 7, 1885
SESSION V

POLYCRYSTAL DEFORMATION

Session Chairman:
Prof. R.D. Doherty

Drexel University
Philadelphia, Pennsylvania

8:30-9:20 AM GRAIN SIZE STRENGTHENING:

YIELDING BEHAVIOR

- Prof. H. Margolin
] Polytechnic Institute of New York
- New York, New York

POST YIELDING BEHAVIOR

Prof. A.W. Thompson

Carnegie Mellon University

Pittsburg, Pennsylvania
9:20-9:40 AM DISCUSSION

9:40-10:20 AM TEXTURE AND MICROSTRUCTURAL EVOLUTION AT
LARGE STRAINS

Prof. H. Mecking and Dr. J. Estrin
University of Hamburg
Hamburg, West Germany

10:20-10:40 AM DISCUSSION
10:40-11:00 AM BREAK
11:00-11:40 AM NANOCRYSTALLINE SOLIDS - AN APPROACH TO A NEW

TYPE OF MATERIALS

Prof. H. Gleiter
University of Saarlandes
Saarbrucken, West Germany

11:40-12:00 noon DISCUSSION




Wednesday, August 7, 1985

SESSION VI

MECHANICAL PROPERTIES OF THIN FILMS

Session Chairman?

Dc. D. Gupta
IBM Watson Research Center
Yorktown Heights, New York

8:00-8:40 PHM MECHANICAL PROPERTIES OF THIN FILMS ON SUBSTRATES

Dr. M. Murakami
IBM Watson Research Center
Yorktown Heights, New York

8:40-9:00 PM DISCUSSION

9:00-9:40 PM MECHANICAL PROPERTIES OF INTERCONNECT AND
PASSIVATION THIN FILMS

Dcr. P.A. Flinn
Intel Corporation
Santa Clara. California

9:40-10:00 PM DISCUSSION

...............................................................
.........................................................
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Thursday, August 8, 1985

SESSION VII

GRAIN BOUNDARY SLIDING AND SUPERPLASTICITY

8:30-8:05 AM

9:05-9:20 AM

9:20-9:55 AM

9:55-10:10 AM
10:10-10:25 AM

10:25-11:00 AM

11:00-11:195 AY
11:15-11:50 AM

11:50-12:05 PM

Session Chairman:

Prof. T.G. Langdon
University of Southern California
Los Angeles, California

ROLE OF INTERFACES IN SUPERPLASTIC DEFORMATION
Prof. B. Baudelet

Institut National Polytechnique de Grenoble
Grenoble, France

DISCUSSION

GRAIN BOUNDARY DISLOCATION CREEP

Prof. G.L. Dunlop

Chalmers University of Technology

Goteborg, Sweden

DISCUSSION

BREAK

EVOLUTION OF GRAIN SIZE DISTRIBUTION DURING
SUPERPLASTIC DEFORMATION

Dr. A.K. Ghosh
Rockvell International Science Center
Thousand Oaks, California

DISCUSSION

STRAIN ENHANCED MICROSTRUCTURAL CHANGES DURING
SUPERPLASTIC FLOW

Prof. D.S. Wilkinson
McMaster University
Hamilton, Ontario, Canada

DISCUSSION
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Thursday, August 8, 1985

SESSION VIII
AFTER_DINNER LECTURE

Session Chairman:

Prof. B. Wilshire
University College of Swansea
Swansea, Wales

8:30-9:30 PM SOAP, CELLS AND STATISTICS - RANDOM PATTERNS
IN TWO DIMENSIONS

Prof. D. Weaire
Trinity College
publin, Irteland

9:30-10:00 PM DISCUSSION




Friday, August 9, 1985

SESSION IX

INTERFACE EFFECTS IN DEFORMATION AND STRENGTHENING

B8:30-9:10 AM

9:10-9:30 AM

9:30-10:10 AM

10:10-10:30 AM
10:30-11:00 AM

11:00-11:40 AM

11:40-12:00 noon

Session Chairman:
Prof. H. Oikawa

Tohoku University
Sendai, Japan

BOUNDARIES AND INTERFACES IN ALUMINUM BASED
COMPOSITES

Dc. S. Nutt

Arizona State University

Tempe, Arizona

DISCUSSION

STRENGTHENING MECHANISMS IN ORDERED ALLOYS
Prof. D.P. Pope

University of Pennsylvania

Philadelphia, Pennsylvania

DISCUSSION

BREAK

DIFFUSIONAL AND SLIDING RELAXATION PROCESSES
AT INCLUSIONS

Dr. D. Srolovitz
Los Alamos Scientific Laboratory
Los Alamos, New Mexico

DISCUSSION

.........
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Poster Presentations

1985 Gordon Conference on Physical Metallurgy

W.D. Nix, Chairman
August 6,7 1985, 5:00-6:00 pm
K. Maruyama and H. Oikawa

Tohoku University
‘Grain Boundary Strengthening at Elevated Temperatures®

Y. Raman and T.G. Langdon
Univ. of Southern California
*‘Grain Boundary Effects in High~Temperature Low~Cycle Fatigue®

J.~L. Martin
Ecole Polytechnique Federale de Laysanne
"Interaction of Dislocations and Creep Subboundaries®

J.H. Schneibel
Oak Ridge National Laboratory
‘Grain Boundary Sliding in Metals and Alloys with Bamboo Structure®

J. Don and S. Majumdar

Argonne National Laboratory

‘Creep Cavitation and Grain Boundary Structure in Type 304 Stainiess
Steel’

J.E. Harris
Central Electricity Generating Board
"Diffusional Properties of Oxide/Metal Interfaces®

M.F. Doerner and W.D. Nix

IBM and Stanford University

*Mechanical Properties of Thin Films Using Sub-Micron Indentation
Measurements”

J.T. Wetzel
IBM Thomas J. Watson Research Center
‘Computed Grain Boundary Structures in Silicon®
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Adams, Brent St 2 Bramfitt, Bruce H 10

[Hillary Adams] Bethlehem Steel Corp.

Brigham Young University Homer Research Labs.
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242N-CB

Provo, Utah 84602 Briney, Gary R 21
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Anderson, Peter RS New James Street

Harvard University Towanda, PA 18848

323 Pierce Hall
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MIT
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PHYSICAL METALLURGY

Crooks, Roy N 22
Rockwell International Science Center
1049 Camino Dos Rios

PO Box 1085

Thousand Oaks, CA 91360

Dimelfi, Ronald
(Elizabeth Dimelfi]
Mechanical Engineering
University of New Mexico
Albuquerque, NM 87131

K 22

Dimiduk, Dennis Bu 1
Wright-Patterson AFB

AFWAL Materials Laboratory
AFWAL /MLLM

Dayton, OH 45433

Doerner, Mary K1
Stanford University

Dept. of Materials Science
550 Panama Street
Stanford, CA 94305
Doherty, Roger R 10
Drexel University

Dept. of Materials Engineering
32 & Chestnut

Philadelphia, PA 19103

Don, Jarlen N &4
Southern Illinois University

Dept. of Mechanical Engr. & Energy
Processes

Carbondale, IL 62901

Dunlop, Gordon N1
Industrial Processing Division, DSIR
Private Bag

Petone

New Zealand

Estrin, Yuri M2
Technical University Hamburg-Harburg
Harburger Schloss Str. 20

2100 Hamburg 90

West Germany

Fecht, Hans N1
University of Wisconsin-Madison
Metallurgical & Mineral Engineering
1509 University Ave.

Madison, WI 53706

Fekete, James H7
University of Michigan

Dept. of Materials and Metallugrical Eng.
Ann Arbor, MI 48109
Frost, Harold H9
Dartmouth College

Thayer School of Engineering

Hanover, NH 03755

Gallegos, Gilbert

Lawrence Livermore National Lab
Chemistry & Materials Science
PO Box 808, L-217

Livermore, CA 94550

M3

George, Easo M6
University of Pennsylvania

Dept. of Materials Science & Engineering
3231 Walnut St.

Philadelphia, PA 19104

Ghosh, Amit H 23
Rockwell Intermnational Science Center
1049 Camir Dos Rios

Metals Processing Dept.

Thousand Qaks, CA 91360

Gibala, Ronald

University of Michigan

Dept. of Materials & Met. Eng.
H.H. Dow Bldg. Hayward Street
Ann Arbor, MI 48109

H7

Gibeling, Jeffrey

University of California

Dept. of Mechanical Engineering
Davis, CA 95616

N2

Gleiter, Herbert
University of Saarbrucken
Angewandte Physik, Bau 2
Werkstoffwissenschaften
D~66-Saarbrucken

West Germany

M4

Gottstein, Gunter
Michigan State University

Dept. of Metallurgy, Mechanics & Mat. Sci.
East Lansing, MI 48824

R9

Grabski, Maciej

Warsaw Technical University
Institute of Materials Science & Engr.
Narbutta 85

02-524 Warsaw

Poland
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Gupta, D. W21
IBM T.J. Watson Research Center
PO Box 218

Yorktown Heights, NY 10598

Harris, J.E. H 27
Berkeley Nuclear Laboratories
CEGB

Berkeley, Glos.

England GL13 9PB

Hwa-Perng, Kao
University of Tennessee
1105 White Ave.
Knoxville, TN 37916

N 26

Jankowski, Allan
60 S. Boulder Circle #6027
Boulder, CO 80303

w 22

Jones, Wendell R4
Sandia National Labs
Albuquerque, NM 87185

King, Alexander R 7
State University of New York
Dept. of Materials Science &Eng.
Stony Brook, NY 11794

Krakow, William
IBM Corp.

T.J. Watson Research Center
PO Box 218

Yorktown Heights, NY

H 21

10598

Langdon, Terence
[Mrs. Langdon]
University of Southern California
Dept. of Materials Science

Los Angeles, CA 90089-1453

Br 4

Lipsitt, Harry
Wright-Patterson AFB
AFWAL Materials Laboratory
Dayton, OH 45433

Bu 1

MacDonald, Bruce

Office of Naval Research
Code 431

Arlington, VA 22217

R 23

Majumdar, S.

Argonne National Lab.
Materials Sci. & Tech., Div,
9700 South Cass Ave.
Argonne, IL 60439

H 25

Margolin, Harold 0
[Mrs. Margolin]

Polytechnic Institute of New York
Metallurgy Dept.

333 Jay Street

Brooklyn, NY 11201

Martin, Jean-Luc H 4
Ecole Polytechnique Federale
E.G.A.-E.P.F.L.

P.H.B. Ecublens

Chl0l5 Lausanne

Switzerland

McMahon, Charles Br 2
{Mrs. McMahon]

University of Penmnsylvania

Dept. of MSE, LRSM Kl

3231 Walnut Street

Philadelphia, PA 19104

McQueen, Hugh R 3
Concordia University (Mech. Eng.)

1455 Blvd de Maisonneuve W

Montreal, Quebec H3GIM8

Canada

Mecking, H. Inf 3

Techn. University Hamburg-~Harburg
Werstoffphysik U. Technologie
Harburger Schlosstr. 20

2100 Hamburg 90
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